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SUMMARY
A retrospective study was made of 100 consecutive dedicated per-oral small
bowel examinations. 33 % of the studies were abnormal, of which almost half
were due to Crohn's disease. When grouped according to clinical suspicion,
73 5 % of those studies with a high index of clinical suspicion were abnormal.
In the abnormal group a correct diagnosis was made in 90%, with two false
positives. In the normal group a correct diagnosis was made in 91 %, with no
false negatives. It is suggested that the dedicated small bowel series offers a
justifiable and practical alternative to other techniques such as intubation and
direct infusion of contrast medium into the small bowel, or enteroclysis.
INTRODUCTION
Adequate demonstration of the small bowel remains one of the most difficult
tasks facing the radiologist. A multiplicity of techniques is available, and the wide
ranging arguments concerning the validity of these techniques are well
documented. Scientific proof of the superiority of one technique over another is
not available, although the inferiority of the traditional follow-through is well
established.1 2, 3
The most important factor is that small bowel radiography requires an interested
and committed radiologist and technical staff, and a dedicated small bowel
technique. In this hospital we employ a per-oral method, the dedicated small
bowel series, paying meticulous attention to technique. The importance of
technique is stressed by Chrispin,4 who gives a detailed description ofthe method
used in children. There are only a few recent comprehensively descriptive
reports." 5. 6 We believe that if the examination is conducted carefully, it offers
a justifiable alternative to the well documented intubation methods.
PATIENTS AND METHODS
A retrospective study was made of the clinical and pathological records of 100
consecutive patients who had undergone the dedicated small bowel series during
a three month period, two years prior to the analysis. Comparison was made with
the initial radiological findings and diagnosis. There were 65 females and 35
males, mean age 43 years. All examinations were supervised by a senior registrar
or consultant with special gastrointestinal interest, and were carried out by the
same senior radiographers.
All patients were fasted over-night. No colonic preparation was used. Both
inpatients and outpatients attended the department early in the morning.
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Rapid-Transit E-Z-paque barium (E Z EM Company Inc.) 300ml of 60% w/v,
with 5ml Gastrografin (Schering Pharmaceuticals) wereadministered. Thepatient
was encouraged to drink this as continuously and quickly as possible, under the
supervision of the radiographer. The patient was positioned on the right side, to
produce a continuous bolus effect through the pylorus. Metoclopramide was not
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Fig 1. Normal study: dedicated small bowel
series. Firstfilmtaken at 15 minutes: a continuous
filling of the small intestine is seen.
The first film was taken at 15 minutes
(Fig 1). Films were taken prone to
separate small bowel loops and to
diminish magnification. The initial film
was assessed by the radiologist, who
then decided the timing of the next
study. Throughout the series, each film
was assessed by the same radiologist,
who decided the timing of subsequent
films upon inspection of the films
already obtained.
Screening was carried out at any stage
for further evaluation of any suspected
abnormality, orto improve visualization
of obscure segments (Fig 2a and b).
Compression and cranio -caudal X-ray
tubetilt wereused toseparate overlying
loops. Positioning the patient head
down wasoccasionally used toseparate
pelvic loops. Compression was also
used to assess fixity of loops. In addition, when there was a suspicion offixation of
segments, the patient was asked to cough or perform a Valsalva manoeuvre, thus
rendering loops bound down by adhesion or inflammatory disease more obvious.
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Close attention was given to the pattern of peristalsis and to identification of
constantly narrowed segments.
The examination was not necessarily terminated when the ileocaecal region
was reached, as constant deformities were sometimes more readily appreciated
on further films, which frequently showed loops of bowel previously obscured
(Fig 3a and b). Finally, all the films obtained throughout the series were carefully
inspected before the examination was terminated.
Fig 3a and b. Metastatic glands. (a) Barium has reached the terminal ileum, with early filling-of the
right colon. Residual barium present in sigmoid diverticula from a barium enema. Further film one
hour (b) later, confirming displacement of a loop of ileum around a soft tissue mass which is not
immediately apparent on the first film.
it~~~~~~~~~~~~~~~~~~~~~.. l,. .......
Fig 4. Sub-acute obstruction due to adhesions
following ileocolic anastomosis for Crohn's
disease.
RESULTS
The clinical notes were reviewed to
assess the accuracy of the examin -
ation. Sixty-seven of the examinations
were radiographically normal. This
conclusion was confirmed by other
investigations and by the clinical
course following the dedicated small
bowel series. In no case was the
radiographic exclusion of an abnorm-
ality found to be incorrect, up to two
years after the examination.
Thirty-three of the 100 patients had
an abnormal dedicated small bowel
series. In 30 of these, the diagnosis
was confirmed by surgery or other
investigations, and the subsequent
clinical course. Crohn's disease was the
most common abnormality (48%), with
malabsorption (15%) and mechanical
obstruction (12%) the next most
frequently encountered diagnoses. In
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cases of mechanical obstruction, the level of obstruction could be accurately
assessed and often the cause of the obstruction was identified (Fig 4).
In only three cases considered to be abnormal was the diagnosis found to be
incorrect. In one, a Meckel's diverticulum was suggested, but this was not
confirmed by other investigations and an alternative cause for the patient's
symptoms was identified outside the bowel. In a second case Crohn's disease
of the transverse colon was suggested, but a barium enema demonstrated a
normal colon. The third case was lost to follow-up and the clinical diagnosis of
malabsorption could not be confirmed.
Using the clinical notes and request forms, patients were subdivided into groups
according to a high, medium or low index of clinical suspicion for small bowel
disease. In the group with a high index ofsuspicion, 25 abnormal studies resulted
from 34 examinations (73 5%). Of 37 in the group with a low index of suspicion,
only one was considered abnormal and this was later disproved by other
investigations.
The average number offilms per study was four overhead and two spot films. The
average time taken to reach the terminal ileum was one hour 20 minutes, and the
average duration of the examination was three hours 25 minutes. Each examin-
ation was graded for quality: it was considered to be of high quality when all loops
of small bowel had been demonstrated by a continuous column of barium,
without overlapping and without disruption of barium column (Fig 5a), and to be
of poor quality when there was interruption of the barium column, overlapping
and obstruction of loops, in particular with a low lying caecum (Fig 5b), or if there
was failure of distension of all loops. An intermediate but diagnostic study was
considered to be of adequate quality. Sixty-eight studies were of high quality, 26
were of adequate quality and six were of poor quality. Of these six, three were still
considered diagnostic in the clinical setting, but three were diagnostically
inadequate.
Fig 5a and b. (a) High quality study with clear demonstration ofjejunum and ileum. (b) Poor quality
study in which a low lying caecum and overlapping loops of pelvic ileum obscure detail.
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DISCUSSION
The most important factors in the success of small bowel radiology are the
selection of patients and the performance of a specific, tailored small bowel
examination.2 The clinical indications for investigation of the upper gastrointest -
inal tract and the small bowel are usually quite different. In their efficacy study
Rabe et al7 do not detail their technique and have a low abnormality rate.
However, they show an increase in abnormality rate from 9% to 14% when the
index of suspicion is high. By using very specific criteria, Fried et al,8 record a
48% abnormality rate. We found an overall abnormality rate of 33 %, but when
subdivided according to the index of suspicion for small bowel disease, the high
index group had an abnormality rate of 74%. Selection of patients for small
bowel study is therefore important, and casual referrals should be discouraged.7
Clinicians in this hospital no longer confuse investigation of the upper gastro-
intestinal tract and the small bowel, and our referrals are separate and specific.
To perform a specific, tailored examination of the small bowel the radiologist
has several choices. The multiplicity of techniques available have recently been
documented. Per-oral examinations include (i) the traditional follow-through
as an adjunct to upper gastrointestinal examination: (ii) follow - through
supplemented by administration of up to one litreof CO2, and (iii) the dedicated
small bowel series. Intubation or enteroclysis methods used include adminis.
tration of barium directly into the upper jejunum in single contrast, or as a double
contrast technique using either methylcellulose solution or air. A retrograde
technique may also be used, which involves filling the colon with two litres of
barium followed by 2-5 litres of water, causing contrast to reflux into the small
bowel. This wide variety of approaches suggests that no single technique is
regarded as superior.'
Agreement is growing, however, that the small bowel follow - through is
outdated.4, 9 This technique was initially developed as an adjunct to the single
contrast barium meal, but with newer barium preparations and double contrast
upper gastrointestinal studies, it has been superseded by small bowel specific
techniques. The retrograde technique understandably has not found many
supporters.
Two techniques are emerging as valid alternatives and discussion continues
between those favouring the intubation methods and those favouring a per-oral
technique. The rate of intubation failure ranges from 4 6% - 8 8%4, 10 with the
exception of one report as low as 2%."l Incorrect positioning, gastric surgery and
high small bowel obstruction may lead to failure of the intubation technique. The
flow rate is critical and too much barium will obscure detail.'2 This makes it a
difficult technique to master, which is important as small bowel pathology is
uncommon in the clinical setting of general radiology practice. The small bowel
enema is more expensive and the radiation exposure is five times greater than for
the dedicated small bowel series.'3 This is relevant as many of these patients are
young and have inflammatory bowel disease, and may require repeated studies.
The dedicated small bowel series performed in this institution is a simple
reproducible study with high patient acceptance. It is less operator dependent
than intubation methods. We use Gastrografin as an accelerating agent and to
maintain the barium in suspension throughout the examination. Some radiologists
use 10ml of Gastrografin in 440ml of barium 45%w/v,2 but we have found 5 ml
Gastrografin in 300ml of barium to give optimum results. In common with
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Garvey et al6 we have not found that colonic residue delays transit. Colonic
residue was regarded as the major factor contributing to an unsatisfactory
examination in only one case.
The overall performance time for a small bowel enema is 30-45 minutes, which
is shorter than for the dedicated small bowel series (average duration three hours
25 minutes). However, the enema is performed with continuous fluoroscopy
which fully occupies a screening room and makes considerable demands on a
busy department. With the dedicated small bowel series room occupancy and the
demand on the radiologist's time are considerably reduced.
Maglinte et al 14 analysed the reasons for missed lesions on the small bowel
follow-through. They found that the majority of lesions were missed due to
technical inadequacies. We found 3% of our studies to be technically unsatis-
factory and non diagnostic. Lintott and Herlinger2 quote a similarfailure rate. The
most frequent problem was due to overlapping loops of ileum and overlying
caecum when situated low in the pelvis. We have found filling the bladder to be of
little benefit, but the tilt or head down tilt with compression may assist with the
separation of such loops.
No acceptable evidence has been presented to confirm that the small bowel
enema isasuperior technique.' Reportsareoften presented comparing intubation
methods with a follow,-through or other poorly documented techniques. Sanders
and Ho 5claim the small bowel enema is more accurate, but their comparison is
with the follow-through. Ekberg 16 claims the enema technique to be superior
in the assessment of Crohn's disease, but while comprehensive details of the
intubation technique are given, the oral technique used is not described.
The rate of abnormality identified in this series is 33%, which is comparable to
other studies. Vallance 10 reported an abnormality rate for the small bowel enema
of 31 %, Diner et al3 33%, Gurian et al 11 37% and Antes and Lissner 17 29%.
The sensitivity ofthe per-oral examination is comparable to that of the intubation
methods.3, 18 In our study, there were no false negative examinations, and
although this is a relatively small sample, this means a sensitivity of 100%.
The most common conditions which occur in the small bowel are Crohn's
disease, obstruction and malabsorption. The dedicated small bowel series is
sensitive in the diagnosis of Crohn's disease.'9 With lower radiation dose than the
small bowel enema and good patienttolerance, itis a readily repeatable technique
for this chronic condition. In cases of small bowel obstruction our patients are
often treated surgically. The level of small bowel obstruction is identifiable on the
dedicated series and often the cause of the obstruction can be determined.
Radiology has a limited role in malabsorption. The small bowel enema may
disguise subtle changes of lumen calibre,'0 and transient intussusception occurr-
ing in 20% of adult coeliac patients were not identified.2 The dedicated small
bowel series provides a simpler alternative for establishing the diagnosis, for
monitoring response to treatment and for the assessment of complications.
Consideration may however be given to performing a small bowel enema if two
consecutive dedicated series are found to be negative, and where there is a high
index of suspicion for small bowel disease.
There is a need for a prospective comparative study of the highest quality
intubation and per -oral techniques. Although the small bowel enema can be seen
as a superior artform, this may have little clinical relevance.' We have shown that
the dedicated small bowel series is sensitive and specific in the diagnosis ofsmall
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bowel disease. When technique is meticulous the results are comparable. The
dedicated small bowel series has several advantages and is a more practical
investigation in a busy radiology department.
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